There has recently been considerable interest in testing for possible modifications in conventional quantum mechanics induced by Planck mass scale quantum fluctuations in the structure of spacetime. In an effective field theory approach, these are plausibly argued [1] to have the form of an extra "decoherence term" D [ρ] in the standard density matrix evolution equation, which becomes
where ρ is the density matrix, H is the Hamiltonian, and the decoherence term D has the dimensions of energy.
In many phenomenological applications, Eq. (1) 
If one further requires the monotone increase of the von Neumann entropy S = −Trρ log ρ, and the conservation of energy, one adds the respective conditions that the "Lindblads"
n , and that they should commute with the Hamiltonian,
One then arrives at the form
Equation (3) is the starting point of an analysis recently given by Lisi, Marrone, and Montanino [4] of decoherence effects in the super-Kamiokande experiment, interpreted in terms of ν µ − ν τ oscillations.
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When specialized to a two-level quantum system, the only choices of D n that commute with H are either D n = κ n 1, with 1 the unit operator, or D n = λ n H. The first choice is evidently trivial, since it makes no contribution to Eq. (3), and so can be ignored. Hence all terms in the sum over n in Eq. (3) have the same structure, corresponding to the second choice; defining λ 2 = n λ 2 n , it is no restriction to replace the sum on n in Eq. (3) 
and deduce the bound
Since in the two-level neutrino system we have
1 is the neutrino squared mass difference and E is the neutrino energy, the parameters λ and γ are related by
Thus, using the Super-Kamiokande [5] value ∆m 2 = 3 × 10 −3 eV 2 , and their maximum neutrino energy of E ∼ 10 3 GeV, the bound of Eq. (5) on γ corresponds to a bound on λ of
The possibility that there may be decohering modifications to the Schrödinger equation, or to the corresponding density matrix evolution equation, has been extensively discussed over the past twenty years in the context of models for objective state vector reduction.
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As surveyed by Adler and Horwitz [6] , the form of the density matrix evolution assumed in these discussions is the Itô stochastic differential equation
with D a Hermitian Lindblad operator driving the decoherence, and with dW t an Itô stochastic differential obeying
(One can readily generalize Eq. (8) (7), then the natural estimate [9] for the parameter σ is σ ∼ M
Planck , which since σ 2 /8 = λ 2 corresponds to
more than twenty orders of magnitude smaller than the Super-Kamiokande bound on λ.
The difference in magnitudes is so great that there is clearly no prospect of confronting the prediction of Eq. (10) 
with H a characteristic energy (such as the neutrino energy) of the system. However, once the decoherence term is restricted to have the self-adjoint Lindblad form of Eq. (3), which is explicitly assumed in the analysis of Lisi et. al., the double commutator structure implies that the estimate is changed to
with ∆H = |E 1 − E 2 | the energy difference between the levels for a two-level system. [Note that the estimate of Eq. (12) is manifestly independent of the zero point with respect to which energies H are measured, whereas the estimate of Eq. (11) is not.] If the energy difference arises from the mass difference between the two beam components, we evidently have ∆H ≃ ∆m 2 /(2E) = k. This gives the estimate 
estimating ∆q = |q 1 − q 2 | as the separation between centers of the ν µ and ν τ wave packets resulting from their mass difference, we get
with L the neutrino flight path. To get an upper bound, we use the smallest SuperKamiokande neutrino energy E ∼ 10 −1 GeV and the largest flight path L ∼ 10 4 km, giving ∆q < 10 −10 cm .
When substituted into Eq. (14) this gives the estimate
again much smaller than the limit ∼ 10 −23 GeV placed on the decoherence term by the Super-Kamiokande experiment.
To conclude, we see that in the spontaneous localization model for the decoherence term, as well as in the energy conserving model, the predicted effect for the SuperKamiokande experiment is proportional to the square of the neutrino mass squared difference ∆m 2 , and hence on the basis of these models is unobservably small. One could get an observable Super-Kamiokande effect within the framework of these models only by positing a much larger coefficient for the decoherence term than has generally been assumed in the state vector reduction context; it would be interesting to see if this has testable consequences elsewhere.
